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Description 

FIELD OF THE INVENTION 

5 [0001] The present invention relates to a blade, anymore particularly, to a blade having a coating layer on its edge 
and a method for manufacturing such blade. 

BACKGROUND ART • « 

w [0002] In the prior art, there are a variety of methods to process a blade, such as a razor or microtome, to sharpen 
the blade. For example, there is a process in which the surface of a blade is coated by a 1 00% chrome film. 

DISCLOSURE OF THE INVENTION . ' " [ 

is [0003] It is an objective of the present invention to provide a sharp blade having improved durability. 

[0004] To achieve the above objective, a first perspective of the present invention provides a blade Including a base 
plate having an edge and a mixture layer formed by coating layer for coating at least the edge of the base plate, The 
coating layer includes at least bhe metal, wfi'^teMlecn^ih^ a group consisting of Pt, Zr, W, Ti, Ag, Cu, Co, ^e, 
Ge, Ai, Mg, Zn, and Cr, and a carbon material. '"' 1 " 0 ' ■ ' ? 

20 [0005] A second perspective of the present invention provides a blade including a base piate having an edge and a 
coating layer for coating at least the edge. The coating layer includes an intermediate layer which main component is 
at least one metal selected from a group consisting of Pt/ ZK W, Ti, Ag ( Cu, Co, Fe f , Ge, A!, Mg, Zn, and Cr, arid a 
carbon layer formed on the intermediate layer. 

[0006] A third perspective of the present invention provides a blade including a base plate having an edge and a 
25 coating.layer for coating at least the edge. The coating layer includes an intermediate layer which main component is 
at least one metal, which is selected from a group consisting of Pt, Zr, W, Ti, Ajg, Cu, Co, Fe, Ge, Al, Mg, Zn; and Cr; 
and a mixture layer formed on the intermediate layer and including at least one metal, which is selected from a group 
consisting of Pt, Zr, W, 71, Ag, Cu, Co, Fe, Ge, Al, Mg, Zn, and Cr, and a carbon material. 

[0007] A fourth perspective of the present invention provides a blade including a base plate having an edge, which 
30 is formed to become narrowed toward a tip of the edge, and a coating layer for coating at least the edge. The coating 
layer is formed by partially removing the coating layer at the tip side of the edge and has at least one tapered surface, 
which is tapered toward the tip of the edge. :m ' .-- ?• ■.■ v :: -: 

[0008] A fifth perspective otihe p resent! nyentiqh provides a blade including an edge defined by two surfaces. The 
edge includes a tapered surface formed "by partially removing at least one of the two surfaces: 
35 [0009] A sixth perspective of the present invention provides a blade including a base plate having an edge defined 
by two surfaces and a coating layerfor coating the base plate. The base plate includes two first inner tapered surfaces, 
which extend along the two surfaces.from an end of the base plate, and two second inner, tapered surfaces, which 
extend continuously from the two first inner tapered surfaces, respectively. An angle between the two first inner tapered 
. surfaces is greater than an angle between the two second inner tapered surfaces. The coating layer includes two first 
40 outer tapered surfaces, connected to .fcach other at' a tip of the edge, and two second outer tapered surfaces, which 
extend continuously from the two first : o1^ertap^rjaid.su'if aces, respectively. An angle between the two first outer tapered 
surfaces is greater than an angle between fo^ second outer tapered surfaces. 

[0010] A seventh perspective of .the present invention provides a method for manufacturing a blade including the 
steps of preparing a base piate havingt^ the two surfaces of the base plate so that the space 

45 between the two surfaces is harrowed asahehdof the baseplate becomes closer, forming a coating layer for coating 
at least the end of the base plate, and forming at least one tapered surface, which is tapered from a position corre- 
sponding lo the edge of the coating Jaye}r t by partially removing the coating layer. 

[0011] An eighth perspective of the present invention provides a method for manufacturing a blade including the 
steps of preparing a base plate having twoJsCirfaces and an end defined by the two surfaces, forming a coating layer 
so for coating at least the end of the. base plate, forming a tapered surface by removing at least one of two surfaces of 
the coating layer corresponding to the two surfaces of the base plate, and forming a second coating layer on the coating 
layer. ? "\ 

[0012] A ninth perspective of. the present invention provides a method for manufacturing a blade including the steps 
of preparing a base plate having two surfaces, forming the two surfaces of the base plate so that the space between 
55 the two surfaces become narrowed as an end of the base plate becomes closer, and forming a tapered surface by 
removing at least one of the two surfaces of the base plate. 

[0013] A tenth perspective of the present invention provides a method for manufacturing a blade including the steps 
of, preparing a base plate having two surfaces, forming the two surfaces of the base plate so that the space between 




^ EP 1 287 953 A1 

ar^Sd of the base plate becomes closer, forming a taperaTsi 



the two surfaces become narrowed as arartd of the base plate becomes closer, forming a tapereosurface by removing 
at least one of the two surfaces of the base plate, and forming a coating layer for coating the tapered surface. • : 

BRIEF DESCRIPTION OF THE DRAWINGS ;+*;>-rl«- V ^J-^ 

[0014] 

Figs. 1 (a) to (f) are schematic enlarged views of an edge of a razor blade of Fig. 7 according to a first perspective 
of the present, invention; •■. . • . -■ ■ ^i- j-*: *' • ••• V ■ • / ; 

10 Figs. 2 to 5 are enlarged cross-sectional views of a coating layer, which coats the edge. -.■ .. - 

Figs. 6(a)to6(c) show other examples of aprocess of Figs. 1(c) and 1(d) sy- ^-^- -t , ; : . 
Fig. 7 is a perspective view of a head portion of a razor having the razor blade of Fig: 1. " - 
Figs .8(a) to (c) are schematic enlarged views showing an edge of a razor blade according to a second perspective 
of the present inventions ^vv- : !.'.,->.■..• - ^ >•■:{:. ;-.->W . . 

is Fig. 9 is a schematic enlarged view showing an edge of a razor blade according to a third perspective of the present 

invention...- .-\ .:■„*.••-•:; :- .. ; : : .v-^V;.:;--/?--^? 1 .:-- *v 

BEST MODE FOR CARRYING OUT THE INVENTION: -r.- -,AV-- vAv-'r.^-i;/'.-^-- 

20 [0015] In a first embodiment of the present invention, a method for manufacturing a blade 1 , which is attached to a 
razorshown in Fig. 7; or a method for processing an edge 2, will be described with reference to the attached drawings, 
[001 6] The blade 1 is man ufactured from a base plate 3 through the following steps. In the first step, the base plate 
3 is ground to form tapered side surfaces 4, 5. More specifically, the tapered side surfaces 4, 5 are formed so that the : 
base plate 3 narrows at positions closerto the distal end and so thatthe angles of the tapered side surfaces 4, 5 relative 

25 to a middle, plane 3a is the same, as shown in Fig. 1(a). Preferred: materials of the base plate 3 are carbon steel, 
stainless steel, aluminum alloy, fine ceramics^ such as zirconium or alumina, and hard metal, such as tungsten carbide 

[0017] In a second step, both surfaces 4 and 5 are ground and finished, as shown in Fig. 1 (b). The grinding may be 
omitted. 

30 [0018] In a third step, a blade finishing process is performed.as described below. : -/ Ji v=v.. : ^ ^ 

[001 9] Referring to Fig. ; 1 (c), an upper end portion of the base plate 3 is removed (bombardment process) and fin- 
ished. In other words,; first surfaces 4a, 5a are formed at positions near the upper end of the base plate 3 to sharpen 
the upper end of the base plate 3. Second surfaces 4b, 5b, which are respectively continuous to the first surfaces 4a, : = 
5a, are part of the surfaces 4, 5 prior to the removal; It is preferred that the first surfaces 4a, 5a define an edge forming- 

35 angle aa that is greater than an edge forming angle ocb defined by the second surfaces 4b, 5b; The first surfaces 4a, 
5a may be flush with the second surfaces 4b r 5b. In this case, the two angles of oca, ab are equal to each other. Further, 
the edge forming angle as defined by the two first surfaces 4a, 5a may be smaller than the edge forming angle ab 
defined by the two second surfaces 4b, 5bi It is preferred that the third step be performed by carrying put dry etching,, 
such as sputter etching; -,lt is preferred thatthe removal dimension L1 of the upper, end portion of the base plate 3 be, 

40 between 10 to 2Q0nm. It is preferred that the edge forming angle ab be between 1 7, to 25 deg rees and that the edge 
forming angle aa be between 17 to 30 degrees; •> ■ 
[0020] In a fourth step, the base plate 3 is coated by the coating layer 6, as shown in Fig. 1 (d): The coating layer 6 
includes a left side surface 7 and a right side surface 8, which are formed substantially along the surfaces 4, 5 of the 
base plate;3 ? - i-' 1 --:- v'-v^,- - [^•v^ -^-.^ ■ ■' ' ■ - ; - l - ' iJ - : ^v-- .sX- ^ -H- 

45 [0021] In a fifth step, tiie coating layer 6 at the vicinity of the upper end of the base plate 3 is removed and finished. 
In other words, first surfaces 7aj.8a are formed at positions near the upper end of the coating layer 6 to sharpen the 
upper end of the coating layer 6, Second surfaces 7b, 8b, which are respectively continuous to the first surfaces 7a, 
8a, are part of the surfaces 7; 8 prior to the removal. U is preferred that the first surfaces7a, 8a define an edge forming 
angle (3a thatis greater than an edge forming angle pb defined by the second surfaces:7b, 8b ; The first surfaces 7a, 

so 8a may be flush with the second surfaces 7b, 8b. In this case, the two angles pa, pb are equal to each other. Further, -x 
the edge forming angle pa of the two first surfaces 7a, 8a may be smaller than the edge forming angle pb of the two- 
second surfaces 7b, 8b. It is preferred that the fifth step be performed by carrying out dry etching,- such as sputter, 
etching. It is preferred thatthe removal dimension L2 of the upper end portion of the coating layer 6 be between 5 to :- 
150nm. It is preferred that the edge forming angle pb .be between 17 to 30 deg rees:.and. that. the edge angle pa be 

55 between 17to45degrees. ^.-v*. w.- I'-'-./^i »-*• ■ *v.*>-: -y: .a.'x >,>".".; k •'• vV :\. 

[0022] in a sixth step, a fluororesin layer 9 is formed on the coating layer 6, as shown in Fig. 1 (f). The fluororesin 
layer 9 improves the sliding smoothness of the blade 1 during usage. The material of fluororesin layer 9 is, for example, 
polytetrafluoroethylene (PTFE). . ";'£"+(.:•*•<;** j* t :; * . V ■■■-= ■^■■u^-h.^c < .r^ v ;v,-0.;.-. ... - .= >.*■ •.-"v-i 
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[0023] Figs. 2(a), 2(b), 3, 4(a), 4(b) t 5(a), 5(b). 5(c), and 5(d) each show an enlarged cross-sectional view of a 
preferred coating layer 6. The coating layer 6 of each drawing will now be described. 

[0024] The materials of the coating layers 6 in Figs. 2(a) and 2(b) include at least one metal selected from a group 
consisting of platinum (Pt), zirconium (Zr), tungsten (W), titanium (Ti), silver (Ag), copper (Cu), cobalt (Co), iron (Fe), 
germanium (Ge), aluminum (Al), magnesium (Mg), zinc (Zn), and chromium (Cr), and a hard carbon material, such as 
diamond-like carbon (DLC). 

[0025] The coating layer 6 shown in Fig. 2(a) is a mixture layer 10a, in which the above selected metal is uniformly 
mixed in DLC. The coating layer 6 shown in Fig. 2(b) is a mixture layer. 10b? in which a ratio of the selected metal 
(concentration) changes at positions closer to the surfaces 4, 5 of the base plate 3. In other words, the concentration 
of the selected metal in the mixture layer 10b increases or decreases as the base plate 3 becomes closer. For example, 
it is preferred that the concentration of the selected metal increase as the base plate 3 becomes closer to increase the 
adherence of the mixture layer 1 0b (the coating layer 6) and the base plate 3; This prevents the mixture layer 1 0b (the 
coating layer 6) from exfoliating from the base >plate 3. = z^*-"- /: ' * -•" " ;>; ■ 

[0026] The coating layer 6 shown in Fig. 3 includes an intermediate layer 11 , which coats the surfaces 4, 5 of the 
base plate 3, and a hard carbon layer (DLG layer) 12, which coats the surface 11a of the intermediate layer 11 . The 
main component of the intermediate layer 11 is at least one metal selected from a group consisting of Pt, Zr, W, Ti, Ag, 
Cu, Co, Fe, Ge, Al, Mg, Zn, and Cr. 

[0027] The coating layers 6 shown in Fig. 4(a) and 4(b) include an intermediate layer 11 , which coats the surfaces 
4 ? 5 of the base plate 3, and mixture layers 10a, 10b, which coat a surface 11a of the intermediate layer 11. The main 
component of the intermediate layer 1 1 is at least one metal selected from a group consisting of Pt, Zr, W, Ti, Ag, Cu, 
Co. Fe, Ge, Al, Mg, Zn, and Cr. The mixture layers 10a, 10b are each mixtures of at least one metal selected from a 
group consisting of Pt, Zr, W, Ti, Ag, Cu, Co, Fe, Ge, Al, Mg, Zn, and Cr and a hard carbon material, such as DLC; In 
the mixture layer 10a of Fig. 4(a), the selected metal is uniformly mixed in the DLC. In the mixture layer 10b shown in 
Fig. 4(b), the ratio of the selected metal (concentration) defines a gradient as the surface 11a of the intermediate layer 
1 1 (the surfaces 4 and 5 of the base plate 3) becomes closer. In other words, the concentration of the selected metal 
increases or decreases as the intermediate layer 11 becomes closer. It is preferred that, for example, the concentration 
of the selected metal increase as intermediate layer 11 becomes closer. In this case, the adhesion of the mixture layer 
1 0b and the intermediate layer 1 .1 increases; This prevents the mixture layer 1 0b from exfoliating from the intermediate 
layer 11 

[0028] The coating layer 6 shown in Fig. 5(a) includes a DLC layer 12, which coats the mixture layer 10a of Fig. 4(a): 
[0029] The coating layer 6 shown in Fig. 5(b) includes a DLC layer 12, which coats the mixture layer 10b of Fig. 4 
(b). II is preferred that the concentration, of the selected metal in the mixture layer 10b of Fig, 5(b) increase as the 
intermediate layer. 1l : becomes closer;. In this case, the adhesjon of the mixture layer 10b and the intermediate layer 

1 1 increases to prevent the mixture layer 1 0b from exfoliating from the intermediate layer 1 1 . Since the concentration 
of carbon in the mixture layer 10b becomes higher as the DLC layer 1 2 becomes closer, the adhesion of the DLC layer 

12 and the mixture layer 10b increases and prevents the DLG layer 12 from exfoliating from the mixture layer 1 0b. As 
a result, the sharpness and durability of the blade 1 increase ••• ; •,• - ••• •, 

[0030] The coaling layer 6 shown.in Fig. 5(c) includes a plurality of (e:g,; three) mixture layers 1 3a, 13b, 13c in lieu 
of the single mixture layer i 0a of Fig; 5(a); The mixture layers 1 3a,;1 3b, and 1 3c each have a uniform metal composition 
The compositions of ;rnixture layers 13a, 13b, and 13c of Fig. 5(c) differ from one another: v ■ ; i 
[0031] The coating layer 6 shown in Fig. 5(d) includes a plurality of (e.g., three) mixture layers 13a, 13b, and 1 3c in 
lieu of a single mixture layer 1 0b shown in Fig. 5(b);The mixture layers 13a, 13b, and 13c of Rg. 5(d) each have metah 
with concentration. gradient..- -ni'v--: ^ Vw- >.-v : ---i,.;- ! . ■ v ■■ '■^ •u :•. • ;.:>.; !■•,-•■ .- >;.:"-•■■> >'.■• 

[0032] Tho mixiure layers 1 3a, 1 3b, and 1 3c of Figs. 5(c) and 5(d) each include a metal or a composition of the metal 
selected as required from the above metal group. It is preferred that the composition be selected as required from, for 
example. ?.N (nitride) .. *CN (carbon nitride), and *C (carbide); Symbol * represents at least one metal of the metai group. 
[0033] In.Hddition. a plurality of the. mixture layers 10a, 10b of Figs. 2(a); 2(b), 4(a), 4(b), 5(a), and 5(b), the mixture 
layers 1 3a> 1 3b ; and 1 3c of Figs. 5(c) and 5(d), and the intermediate layers 1 1 of Figs. 3, 4(a), 4(b) and Figs. 5(a) to, 
5(d) may be s u per impos ed. A coating layer 6 entirely or partially coats the edge 2- Further^ the edge 2 may be coated 
by multiple types of coatmgilayers 6. . v . v.,-; •■ : - .r:v k >. .v. > 

[0034] A coating layer 6 is formed through processes including sputtering, such sis high frequency sputter,; high speed 
low temperature sputter (magnetron sputter), and reactive sputter, any type of vapor deposition, any type of ion plating; 
and any typo of vapor phase growth (CVD). H'-'t-'r-rK: iiv7-.rv * •> } . 'i*.-* :r.-." * 

[0035] Hard carbon includes, for example, diamond.' • . : • 
[0036] Pt. Zr. W. Ti. Ag, Cu, Co, Fe, Ge, Al, Mg, Zn and Cr may be used as a single substance, an alloyed metal 
with an additive or a nitride, oxide, boride, and carbide of the single substance or the alloyed metal, C 3 NI 4 may be 
used as the mixture layers 10a, 10b, 13a ; 13b, 13c and the DLC layer 12. C 3 N 4 includes crystallinity and mechanical 
characteristics similar to diamond and is theoretically harder than the diamond. A layer of C 3 N 4 is forrried by methods 
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such as ionization magnetron sputtering^arc plasma jet CVD, pulsed laser deposition, or reactive ionized cluster beam. 

Examples '." 

[0037] The characteristics and performance of the razor blade 1 having the edge 2 of Fig. 1 (f) will now be described. 

[0038] Steps for manufacturing the razor blade 1 will now be described in detail. 

[0039] A first step shown in Fig. 1 (a) is a blade forming process, in which a stainless steel base plate 3 is ground 
with a rough grindstone An edge forming angle db defined by surfaces 4 and 5 is between 17 to 25 degrees In a 
second step shown in Rg. 1(b); the surfaces 4, 5 are ground with a razor strap. In a third ste|D shown in. Fig. 1(c), an 
upper end portion of the base plate 3 is removed by carrying out sputter etching; such that an edge forming angle aa 
of the first surfaces 4a and 5a becomes greater than an "edge forming angle ab of the second surfaces 4b and 5b. 1 " f 
[0040] In the present example, steps illustrated in Figs. 6(a) to 6(c) are performed in lieu of the steps of Figs, i (d) 
and 1 (e). In Fig 6(a), the intermediate layer 11 ■ which coats the base plate 3,is formed by carrying out sputtering. The 
thickness of the intermediate layer is 5 to 1 OOrim and preferably 5 to 50% of the thickness of the final coating layer 6. 
In the present example, the thickness of the intermediate layer 1 1 is about 25rim, which is abb ut 25% of the thickness 
of the final coating Jayer 6. 

[0041] In Fig. 6(b), the DLC layer 12, which coats the surface 11a of the intermediate layer 1 1 , is formed by carrying 
out sputtering. It is preferred that the thickness of the PLC layer 12 be 10 to 200nm, The thickness is about 75nm In 
the present example. . % -.:f^-V?^-.--..v."- 

[0042] In Fig. 6(c), an upper end of the DLC layerr|2 is removed by carrying "out sputter etching to form a sharp 
upper end portion in the DLC layer 12. The removal dimension L2 of the upper portion is preferably between 5 to 
150nm, and more preferably between 50 to 100nm. The edge forming angle pa of the first surfaces 7a and 8a is 
between 17 to 45 degrees after the removal while an edge forming angle fib is between 17 to 30 degrees prior to the 
removal. • ■ - - • 

Examples 1 , 2 ^ "'' ;" ! V."."".". . ^ T ; * "-"-:.„... " ' . ■ ] -. 

Characteristics of Razor Blade 1 

30 [0043] A blade of comparative exarnple i Haying an edge (notshown), which coats the base plate 3 with a Cr 1 00% . 
coating layer, a blade of example 1 having an edge, which has undergone the process of Fig 6(b) (DLC normal dep- 
osition), and a blade of example 2 having an edge, which has undergone the process of Fig. 6(c), (dLC sharpening 
deposition) were prepared to check the shape, characteristics, and performance of each blade. 
[0044] The blades of examples 1, 2 and comparative, example 1 were observed by a S EM (scanning electronic 

35 microscope) to measure the radius of curvature of the tip of the blades. The result is shown in table.1 . 
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Table 1 





Radius (nm) 


Comparative example 1 


28 


Example 1 


32 


Example 2 


.... 6 



45 



50 



55 



[0045] Table 1 shows that the radius of curvature of the edge 2 of example 2 is significantly smaller than that of the 
edges 2 of comparative example V and example 1 . In other words, since the edge 2 is sharpened in the fifth step, the 
edge 2 is prevented from becoming blunt and the edge 2 of the blade 1 is sharpened. . .",=;„- L' 
[0046] A belt, which is uniformly made from wool felt, was successively cut for a fixed number of times by the blades 
of examples 1 , 2 and comparative example 1 . The sharpness of each blade was checked by measuring the resistance 
value a when the belt was cut for the.first time .and the resistant value b when the belt was cut for the last time. In 
addition, the durability of the blades, was checked in accordance with the increasing rate of the cutting resistance 
calculated by equation {(b-a)/a} X 100 The result is shown in table 2. 

Table 2 





Initial value a (mN) 


Final value b (mN) 


Increasing rate (%) 


Comp; example 1 


- - -365 X 9.8. l^K- 


700 X 9.8 


"" : : < '\ \91.8 - Nr 
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Table 2 ( 


continued) 




Initial value a (mN) 


Final value b (mN) 


Increasing rate (%) 


Example 1 


359 x 9.8 


689 x 9.8 


90.4 


Ekample 2 


320 X 9.8 8 


649 X9 8 


90.1 



[0047] Table 2 shows that value a, value b, and the increasing rate of theblades of examples, 1 and 2.are lower than 
those of the blade of comparative example 1 . TTiis. is due to the effect of DLC, the friction coefficient of which i. is low. 

yo Further, value a, value b, and the increasing rate of the blade of example 2 is lower than those of the blade of example 
1. Accordingly, it |s understood that the sharpness of blade of example 2 is increased and maintained. This is due to : 
the sharpening . .» \>. . : ^ .. ^v^T, ^ • 

[0048] After testing the sharpness, deformation of the edges of the blades of examples .1 i, 2 and comparative example 
1 were observed using the SEM. The observed area wa^s restricted within a range of 1 mm in the longitudinal direction 

is of the edge, and portions deformed over l^tm or more in the longitudinal direction were counted. The result is shown 
in table 3. 



. Table 3 



20 



2S 



30 



35 



40 



45 





Number of Deformed Portions 


Comparative example 1 


i2 : - * • 


Example 1 *, 




Example 2 





[0049] Table 3 shows that the number of deformed portions in examples 1 and 2 is less than that of comparative 
example 1 . In addition, the number of deformed portions of example 2 is about the same as that of example 1 and 
does not increase despite of the sharpening. 

[0050] T-type razors to which the blades of examples 1,2 and comparative example 1 were prepared, andthesharp- 
ness of each blade was evaluated by ten testers A to J, who were selected at random to conduct an organoleptic test. 
The sharpness evaluation was indicated by scores with 10 points given for full marks A higher score indicates a higher 
level of sharpness. The result is shown in table 4. 



Tester 


■ ■<)■-■:;- - ' Score 


Comparative example 1 


Example 1 


Example 2 


A 


.... 7 


8 


9 


B 




8 


8 


C 


■ 7 ,, 


.... . a .... 


10 


D 


: ■' 9 ■ ■ < 


9 


9 


E 


......... 7 . .... 


8 


8 


v::K-F--V 


•.V'.-- t ---:-::V 1 r: ,:- 5-v> ; . ! - ■ ■ 


•'•-•"•V6:::. v- 






, w ' &. : v,: 


:: . 7 , 


. '7 . . 






- 8 


£'---->.10;^«- 




, ... g , • ;T: •• 


" v " : ' r:vv! § ; : rrv " T: 


• . y'-*/ - 


iu "-v:«J.-,:: V 


C i)- 5 > 


..,5,,, 




Average 


6.7 - 


•' 7.3 


8 0 f 



[0051] The average score of example 2 was the highest. In addition, the average score of example 1 is higher than 
that of comparative example 1 .' " v "~' ! : ; " . . • . - : 

[0052] The above comparison result shows that the sharpened coating layer 6 provides a blade 1 with improved 
sharpness, and that the durability of the sharpness is increased. Higher effects are accomplished particularly when . 
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the radius of curvature of the tip of the ^/F2 is less than or equal to 25nm. The effects resultinpjfcm the sharpened 
coating are also obtained from the coating layers 6 and the superimposed coating layers 6 of Fig. 2(a) to Fig. 5(d). - 

Examples 3, 4 .-^ • • ■' " « . ■ ■ -i- ■■ r/- 1 :-.- . \ : '.?.si\<.- 

[0053] In examples 3 and 4, a microtome for producing a microscope sample will now be described. 
[0054] A blade of a comparative example 2 haying an edge (not shown) and a base plate 3 coated by a Cr 1 00% 
coating layer, a blade of example 3 having an,edge, which has undergone the process of Fig. 6(b) (DLC normal dep- 
osition), and a blade of example 4 having an edge, which has undergone the process of Fig. 6(c) (DLC sharpening 
deposition) are provided. ' " I!.' /!* 

[0055] The maximum cutting number of the microtome blade was checked as described, below. A paraffin block 
having a predetermined length with an embedded pig liver was prepared. The blades of examples 3, 4 and comparative 
example 2 were each attached to microtome machines to slice the paraffin block into ^ laminas; The sliced laminas were 
collected to check the degree of shrinkage. A lower degree of shrinkage indicates that cutting is performed with a 
smaller resistance and that the blade is sharp. Repeated slicing of laminas normally blunts the blade and gradually 
increases thedegree of. shrinkage.; The degree of shrinkage of the blade of example 4 was least, next was that of 
example 3, and example 2 was greatest This tendency was the same subsequent to th e . repeated slicing v ^ 
number of usage, which is the number of cutting times when reaching the limit shrinkage degree, is shown in table 5. 

~ • Tables -7: : "' : 





Maximum Number of Usage : 


Comparative example 2 


130 


Example 3 


175 - - 


Example 4 


185- - - 



30 



[0056] Table 5 shows that example 4 is the highest; and then example 3, and that comparatfveexample 2 is lowest. 
The effect is believed to be due to the sharpening of the coating layer 6. It ispreferred that an i edge forming angle pa 
be between 1 5 to 45 degrees such that the blade of the microtome has a sharpness and durability that is in accordance 
with the hardness of internal organs. 



Example 5 



35 



40 



45 



50 



[0057] A blade of example 5 having an edge coated with the DLC-Pt mixture layer 10a shown in Fig. 2(a) was 
prepared. For comparison, a blade of comparative example 1 having an edge coated with a Cr 1 00% coating layer, a 
blade of comparative example 3 having an edge coated with a Pt 100% coating layer, and a blade of comparative 
example 4 having an edge coated with a DLC 100% coating layer were prepared. The shape, characteristics, and 
performance of the blades of ex^ple 5, comparative ex i , 3 and 4 Were' checked 

[0058] First, a belt, which was uniformly made from wool felt, was successively cut for a fixed number of times by 
the blades of example 5, comparative examples 1,3, and 4. The sharpness of each blade was checked by rrieasunng 
the resistance value a when the belt was cut for the first time and the residence value b when the belt was cut for the 
last time. Further; the durability of the blades is checked in accordance with the increasing rate of the cutting resistance,' 
which is calculated by equation {(b-a)/a) x 1 00. In addition,-the exfoliation was observed using the SEM, 

V>*s ™f***^i£ Table 6 ' 





Initial Value a (mN) 


Final Value b (mN) 


Increasing rate (%) 


Exfoliation 


Comparative example 1 


365 X 9.8 


700 X 9.8 


91 .8 


No 


Comparative example 3 


363 X 9.8 


720 X 9.8 


97.8 


No 


Comparative example 4 . 


357 X 9.8 


690 X 9.8 


91.2 


Part 


Example 5 ; '- 


"' H 359 X 9 8 


680 X 9 8 c 


'■ : ■ 87 9 " 


- • No 



55 



[0059] Value a, value b, and the increasing rate of blades of example 5 and comparative example 4 were, lower than 
those of the blades of comparative examples' 1 and 3. This is due to the effect of the low fnction coefficient DLC, In 
addition, value a, value b. and the increasing rate of the blade of example 5 is lower than those of the biaide of com- 
parative example 4. Further, the DLC-Pt film ismoreresistantto exfoiiationthanthe DLC film. Therefore, it is understood 
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that the sharpness of the blade of example^ is increased and maintained. 
[0060] Deformation pf the edges of the blades of example 5, comparative examples 1 , 3, and 4 were observed using 
the SEM after checking the sharpness of the blades. The observed area was restricted within a range of 1mm in the 
longitudinal direction of the edge, and portions deformed over 1^m or more in the longitudinal direction were counted. 
The result is shown in table 7. ' 



Table 7 



10 



15 



20 



25 



30 





Number of Deformed Portions 


Comparative example 1 


12 


Comparative example 3 - 




Comparative example 4 


. ■ ; ? ' 


Example 5 • -> 





[0061] Table 7 shows that the number of deformed portions inexampleSis lower than that in comparative examples 
1 , 3, and 4. The result shows that due to the coating layer 6; which includes DLC arid Pt; the blade resists deformation . 



Table 8 



Tester 


. Maximum number of usage 


Comparative examples 


Example 5 


A 


6 


.. 6 y.' 


B 


8 


12 


C 


7 


9 








' 6 " "' 


12 


'15 


F 


8 


9 


G 


5 


6 


H 


8 


10 


vM :\ '.j ; ■ 


; :/^ ,:1t \[ i. 




J 


" 8 . 


8 V v.."' 



[0062] T-type razors to which the blades of examples. 5. and comparative example 3 were prepared to .compare the . 
maximum number of usage of each blade Table B shows the maximum numberof usage declared by the testers A to J 
Consequently, 7 put of 10 testers answered that the. razor using the blade of. example 5 had higher maximum number 
of usage than the razor, usingthe ^lade of .comparative example 3 while.the other 3 testers answered that the maximum 
number of usage of example. 5 was the same as comparative example 3. Therefore, the DLC-Pt film substantially 
improves the durability otthe blade 1 . s . ... ._ . . . ./ . 

[0063] From tne above comparison, the mixture of DLT and Pt results in stronger adhesion between the DLC and 
the base plate 3. This prevents the coating layer from exfoliating, in addition, the sharpness and durability of the razor 
blade 1 were improved Zr, W, Ti; Ag, Cu, Co, Fe, Ge, Al, Mg, Zn and Cr are preferably used as an aiding material 
such as Pt Since Ti, Ag. Cu, and AUre antibactenal, the blade 1, which , has a coating layer including the aiding 
matenal, is hygienic , 

Examples 6, 7 , .. ._ ., .... , , 1 ' :i ' " \ ' ' 

[0064] The blade of example 6, which has an edge;coated with the DLC-W mixed uniform layer 1 0a shown in Fig. , 
2(a), and the blade of example 7, which has an edge coated with the DLC-W mixture gradient layer 1 0b shown in Fig. 
2(b) were prepared. For comparison, the ^ of comparative. example 5, which has an edge coated with a W 100% 
coating layer, was provided The shape, charactenstics, and performance of the blades of examples 6, 7 and compar- 
ative example 5 were checked . ,, J u ,'.** . 
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Table 9 





Initial Value a (mN) 


Final Value b (mN) 


Increasing rate (%) 


Exfoliation 


Comparative example 5 


380 x 9.8 


725X 9.8 


94.5 


. ,Np 


Example 6 o :, : 


358 X 9.8 L ; v 


■ = 695 X 9.8 




No ^ 


Example 7 


355 X 9 8 


675 X 9.8 


." : 87.z vt ; 


No 



[0065] Value.a, . value b, and the Increasing ratet.of blades, of example 6, and 7. were. lower that those of comparative 
example 5. This Is due to the effect of trie low fiction coefficient DLC.. In addition, value a, value b, and the Increasing 
rate of the blade of. example 7 is lower than, those of the blade of example 6 The effect is due to the concentration 
gradient of an aiding material W. ^';,o."v';-i." V 

[0066] Deformation of the edges of the blades of example 6, 7, and comparative example s, were observed using 
the SEM after checking the sharpness of the blades. The observed area was restricted within a range of 1mm in the 
longitudinal direction of the edge, and portions deformed oyer Ijim prmorajri.thejorigl^cfinal direction were counted. 



The result is shown jn table 10., 



Table 10 





Number of Deformed Portion 


Comparative example 5 


13 


Example 6 


8 


Example 7 


7 



[0067] The number of deformed portions of examples 6 and 7 were lower than that of example 5. Accordingly, the 
coating layer 6 including the DLC and the W provides a blade, which was resistant to deformation. Further, the number 
of deformed portions of example 7 was lower than that of example 6 The effect js due to the concentration gradient 
of the aiding material W: r "'V * ■';;V^- i :; L ' : V : - ^ " :: :y ?.y>: <: * ! -r* '---y' 

Table 11 K '->' • * .-:ry- --i v : v 



. Tester., 


M|^.Imym.number.g(.us^e' 4 


Example 6 


Example 7 


... A . . 


12 




B 


9 


11 


C 


5 


10 •■•'• t " 


. ^ p. • 


9 ... 


12 


E 


8 


9 


,F 


6 7 ,, .,. 


.. v: ..7; : . 


G 


13 


• -15 :~>- 


U L 


- 10 


10 


..I 


8 


9 




8 


8 



[0068] T-type razors to which th^.b!^jdj^.of . exaenpl^as. 6,and 7 werq prepared to compare the maximum number of 
usage of each blade Table 1 1 shows the maximum number of usage declared by the .testers A to J. Consequently, 8 
out of 10 testers answered that the razor using the blade of example 7 had higher maximum number of usage than 
the razor using the blade of example 6 while the other two testers answered that the maximum number, of usage . of 
example 6 was the same as example 6. Therefore, the DLOW concentration gradient film substantially improves the 
durability of the blade 1 . :v . -..-.V 

[0069] From the aboye ; comparison, the.mixture of DLF and W .results' in stronger adhesion between the DLC.and 
the base plate 3 This prevents the coating layer from exfoliating. In addition, the sharpness and durability of the razor 
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blade 1 was improved. Pt, Zr, Ti, Ag, Cu, Co. Fe, Ge, al, Mg, Zn, and Cr are preferably used as the aiding material 
such as the W. 

[0070] Figs. 8(a) to (c) show a process for manufacturing a blade according to a second embodiment. In Figs. 8(a) 
to (c), the main component of a coating layer 6 is at least one metal selected from a group consisting of Pt, Zr, W, Ti, 

Ag, Cu.Co.Fe, Ge, Al, Mg, Zn, and Cr. ; : =. ' '-'V j f . r ; 

[0071] Fig. 9 is a cross-sectional view of a blade 1 according to a third embodiment. The blade 1 includes two coating 
layers 6 and 6a. More specifically, the blade 1 has a thin coating layer 6a, which is formed between the fluororesin 
layer 9 and the coating layer 6 6f Fig..1(f).The same type of coating layer .6 .those described above was used as trie, 
thin coating layer 6a. 

[0072] The first id third embodiments provide a biade 1 with "improved ^^sharph^ and durabiiity! Further; a hygienic 
blade 1 is provided by forming the coating layer 6, which includes ah antibacterial aiding material 
[0073] The surface roughness of the coating layer 6a, which is formed on the sharpened coating layer 6, is adjusted 
to improve the adhesion of the fluororesin layer 9. Vv'.tov;^: r?;^;* --i 

[0074] The fluororesin layer 9 defining the outermost iayer improves the sliding smoothness of the blade 1 during 
usage. < .. 

[0075] The first to third embodiments may be modified as described below. 

[0076] The fluororesin layer 9 may be directly formed on the both surfaces 4 and 5 of the base plate 3 shown in Fig 
(1c). 

[0077] The blade 1 and the method for manufacturing the blade .1 of trie present invention, may be applied to, for 
example, scalpels, scissors, kitchen knives, nail scissors, and specific industrial use blades in addition to razors and 
microtomes. ' / J. ;i ; "7" 



Claims 

1. A blade characterized by: ........... 

a base plate having an edge; and 

a mixture layer formed by coating layer for coating at least the edge of the base plate, wherein the coating 
layer includes at least one metal, which is selected from a group consisting of Pt, Zr, W, Ti, Ag, Cu, Co, Fe, 
Ge, Al, Mg, Zn, and Cr, and a carbon material. 

2. A blade including a base plate having an edge and a boating layer for coating at least the edge, the blade being 
characterized in that the coating layer includes: ™ . • £ v^x- "i ' 

an intermediate layer which main component is at least onp metal selected from a group consisting Pt, Zr, W, 
Ti, Ag, Cu, Co, Fe, Ge, Al, Mg, Zn, and Cr; and 

a carbon layer formed on the intermediate layer. ,.7. 

3. A blade including a base plate having an edge .and a coating layer for coating at least the edge, the blade being 
characterized in thatthe coating layer includes; 

an intermediate layer which main component is at least one metal, which is selected from a group consisting 
of Pt, Zr; W, Ti, Ag, Cu, Co, Fe, Ge, Al, Mg, Zn, and Cr; and 

a mixture layer formed on the Intermediate layer and including at least ope metal, which is selected from a 
group consisting of Pt, Zr, W, Ti, Ag, Cu, Co, Fe, Ge, Al, Mg, Zn, and Cr,,and aTcarbon material. 

4. The blade according to claim 1 or 3, characterized in that the concentration" of the metal in the mixture layer is 

substantially uniform.- .1 7 .~ K L.. ,7-- -....* 

5. The blade according to claim 1 or 3, characterized in that the concentration' of the metal in the mixture layer 

changesasfhe surface of the mixture lay4r beicorries cio^K ' ' l • " ' ' >l * L •' ' 

6. A blade characterized by ^ " ; ^ 

a base plate having an edge narrowed toward a tip of the edge; and 

a coating layer for cbatinig at least t^ layer is formed by partiaity removing the 

coatihg layer at the tip side of the edge and has ait least one tapered surfaceV which is tapered toward the tip 



of the edge. 
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7. The blade according to claim 6, characterized in that the at least one tapered surface is one of two first tapered 
surfaces, which are connected to each other at the tip of the edge, the coating layer further includes two second 
tapered surfaces, which are formed to extend continuously from the two first tapered surfaces, respectively, at 
positions spaced from the tip of the edge, and an angle between the two first tapered surfaces is greater than an 
angle between the two second tapered surfaces. <:>.v-v - > -;:rn . -v.v..y 

8. The blade according.to claim 6 or 7, further characterized by a second coating layer formed on the coating layer. 

9. A blade including an edge defined by two surfaces, the blade characterized in that the edge includes tapered 
surfaces formed by partially removing at least one of the two surfaces.. i-.v •■- 

10. The blade according to claim 9, characterized in that the tapered surface is defined on each of the two surfaces 
is of the base plate and is one of two first tapered surfaces connected to each other at the tip of the edge, the base 

plate further includes two second tapered surfaces extending continuously from the two first tapered surfaces, 
respectively, at positions spaced from the tip. of the edge, and an angle between the two first tapered surfaces Is 
greater than-an angle between the. two second tapered surfaces/ . r v. . . ^ ; . r . : . . r .. . r -^ \ : .. '<•■ \v<*-.:- 

20 11. The blade according to claim 9 or 1 0, further comprising a coating layer. for coating the base plate. --, 

12. A blade characterized by: •y-:,,,<\^:.. ^-j.vn.\-..V . .;;V-':.--v , : vi: r :\ 

a base plate having an edge defined by two surfaces, wherein the base plate includes two. first inner tapered 
25 surfaces, which extend along the two surfaces from an end of the base plate, and two second inner tapered 

surfaces, which extend continuously from the two first inner tapered surfaces, respectively, and an angle be- 
tween the two first inner tapered surfaces is greater than an angle between .the two: second inner tapered 
surfaces; and 

a coating layer for coating the base plate, wherein the coating layer includes two first outer tapered surfaces, 
30 connected to each other at atip of the edge, and two second outertapered surfaces, which extend continuously 

from the two first outertapered surfaces, respectively, and an angle between the two first outertapered surfaces 
is greater than an angle between the two second outertapered surfaces. -■■■^^■■/■^ ;•• ^\\;/\-- ^i^,-: ■ = ■ 

13. The blade according to claim 12, further comprising a second coating layer formed on the coating layer 

14. The blade according to claim 6, 7, 8 or 11r characterized in that the coating layer has a mixture Jayer, which 
includes at least one metal. selected from a group consisting of Pt, Zr, W, 71, Ag, Cu, Co, Fe, Ge, Al, Mg, Zn, and 
Cr, and a carbon material ..- •-; . i v fc , ■>:. - 

40 is. The blade according to claim 6; 7, B.^or H , characterized in that the coating layer includes an intermediate layer, 
which main component is at lest one metal selected from a group consisting of Pt, Zr, W, Ti, Ag, Cu, Co, Fe, Ge, 
Al, Mg, Zn, and Cr, and a carbon layer formed on the intermediate layer. - 

16. the blade according to claim 6,^7, 8, or 11, characterized in that the coating layer includes an intermediate layer, 
45 which main component is at lest one metal selected from a group consisting of Rt, Zr, W, ti, Ag, Cu, Co, Fe, Ge t • 

Al, Mg,- Zn, and Cr.an da mixture layer formed on the intermediate layer, which.includes at least one metal selected ; 
from a group consisting of Pt, Zr, W, Ti, Ag, Cu, Co, Fe, Ge, Al, Mg, Zn, and Cr and a carbon material. \u 

17. The blade, according to claim 14 or 16, characterized in that .the concentration, of. the metal in the mixture layer 
so is substantially uniform. -W^--' -xv- 

18. The blade according to claim, 14 or 1:6,. characterized in that the concentration of the metal in the mixture layer 
changes as the surface of the mixture layer becomes closer. ; .: --,-.V. :■■ : ^ 'U ■■ ^vr>/:v *.'::'*: ^ 

55 19. The blade according.to: any, one ot.clajms.l.to 8 and 11 to 18, characterized in that an outermost layer of the 
blade is coated with afluororesin layer.y; .m-7\'y;> '••» -.v --v>.- V.*. r-.,. >.; : ..'.: ; . -v. - 



20. The bl^de according to any pne.of claims. 1. to 19, characterized in that the base plate is a base plate for a razor 
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blade or a microtome blade. 
21. A method for manufacturing a blade, characterized by: 



5 preparing a base plate having two surfaces; : r—V 

forming the two surfaces of the base plate so that the space between the two surfaces is narrowed as an end 
of the base plate becomes closer; 

forming a coating layer for coating at least the end of the base plate; and 

forming at least one tapered surface, which is tapered from a position corresponding to the edge of the coating 
10 layer, by partially removing the coating layer. 

22. A method for manufacturing a blade, characterized by: 5 >. ..v-.f.v.-r-- .• : -->*; : -v_: 

preparing a base plate having two surfaces and an end defined by the two surfaces; ; 
is forming a coating layer for coating at least the end of the base plate; 

forming a tapered surface by removing at least one of two surfaces of the coating layer corresponding to the 

two surfaces of the base plate; and 

forming a second coating layer on the coating layer. 

20 23. A method for manufacturing a blade, characterized by: 

preparing a base plate having two surfaces; * ^. , 

forming the two surfaces of the base plate so that the space between the two surfaces is narrowed as an end 
of the base plate becomes closer; and 
25 forming a tapered surface by removing at least one of the two surfaces of the base plate. 

24. A method for manufacturing a blade characterized by, preparing a base plate having two surfaces: ■": 

forming the two surfaces of the base plate so that the space between the two surfaces are narrowed as an 
30 end of the base plate becomes closer; ■<■-- ; 

forming an tapered surface by removing at least one of the two surfaces of the base plate; and 
forming a coating layer for coating the tapered surface. ; ^ • - = v -'^i:^ -^c-rNN 

25. The method for manufacturing a blade according to any one of claims 21 , 22, and 24, characterized in that the 
35 coating layer includes a mixture layer, which main component is at least one metal selected from a group consisting 

of Pt, Zr, W, Ti, Ag, Cu, Co, Fe, Ge, Al, Mg, Zn, and Cr and a carbon material. :- V 

26. The method for manufacturing a blade according to any one of claims 21 , 22, and 24, characterized in that the 
coating layer includes an intermediate layer, which main component is at least one metal selected from a group 

40 consisting of Pt, Zr, W, Ti, Ag, Cu, Co, Fe, Ge, Al, Mg, Zn, and Cr, and a carbon layer formed bri the ihtennediate 

27. The method for manufacturing a blade according to any one of claims 21 , 22 and 24, characterized in that the 
coating layer includes an intermediate layers which main component is at least one metal selected from a group 

45 consisting of Pt, Zr, W, Ti, Ag, Cu, Co, Fe, Ge, Al, Mg, Zh, and Cr, and a mixture layer formed oh the intermediate 

layer,, which has at least one metal selected from a group consisting of Pt, Zr, W, Ti, Agv Cu, Co, Fe, Ge, Al, Mg, 

Zn, and Cr and a carbon material, r- : M. . \^ y\. .. r ::: .«"■ r-x-.Vv.v.x ■ 

28. The method formanufacturing a blade according to claim 25 or 27; characterized in that the concentration of the 
50 metal in the mixture layer is substantially uniform. A r- - r . . v - : 

29. The method for manufacturing a blade according to claim 25 or 27y characterized in that the concentration of the 
metal in the mixture layer changes as a surface of the mixture layer becomes closer. ■ • - 

55 30. The method for manufacturing a blade according to anyone of claims 21 to 24, characterized inthatthe.removaJ 
is performed by at least one of sputtering, vapor deposition, ion plating, and vapor phase growth. 



31. The method for manufacturing a blade according to any, one of claims 21 , 22, and 24, characterized in. that the 
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coating layer is formed by at ieasfUTTe of sputtering, vapor deposition, ion plating, andl/apor phase growth. 
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